Abstract Patients affected with severe endometriosis are at significant risk for ovarian tissue damage, which may lead to infertility, reduced response to ovarian stimulation, and occasionally, premature ovarian failure. The risk for a compromised ovarian reserve in young patients is especially high following repeated surgical intervention and in the presence of bilateral endometriomas. In many cases, enhanced loss of ovarian reserve may also result from the damaging effect of the pathologic process on follicle reservoir even without surgical interventions. Women diagnosed with severe endometriosis and those designated for extensive ovarian surgical intervention are frequently not planning to conceive. In light of recent advances in fertility preservation techniques (FPT), such as oocytes and ovarian tissue freezing, as well as their increasing success rates, we critically evaluate the options for FPT in patients suffering from endometriosis. Personalized counseling should be offered to all patients with endometriosis taking into account age, extent of ovarian involvement, current ovarian reserve, previous and impending surgeries for endometriosis, along with current success rates and possible risks associated with FPT.
Introduction
The use of fertility preservation technologies (FPT) has become widely accepted as a standard of care for women facing a high risk of acute premature ovarian failure (POF) due to cancer treatments. This growing experience has greatly increased our knowledge and FPT are currently more versatile and effective. Today, FPT include well-established techniques such as oocytes [1] and embryos freezing [2] , as well as ovarian tissue cryopreservation (OTCP). Although substantial evidence to support OTCP effectiveness has accumulated in recent years [3] [4] [5] , the technique is still considered experimental [6] . The increased awareness and experience utilizing these technologies has led to the acceptance of new indications for FPT, such as genetically related risk for POF or other medical conditions, which considerably limit time available for conception [7, 8] .
As such, endometriosis should also be recognized as an indication for FPT: patients with endometriosis-related symptoms, like pelvic pain or the presence of ovarian cysts, frequently undergo extensive pelvic surgery involving the ovaries [9] . The need for surgery and histological evaluation is also justified by recent studies indicating an increased risk for malignancy in patients suffering from endometriosis when large or rapidly growing endometriomas are detected or when suspicious changes in sonographic appearance occur [10] . In such cases, repeated ovarian surgeries may result in irreversible damage to the ovary [11, 12] .
Endometriosis is frequently associated with infertility and several biological mechanisms have been proposed. However, the progressive loss of follicle reservoir, which seems related Capsule Personalized counseling should be offered to all patients with endometriosis taking into account age, extent of ovarian involvement, current ovarian reserve, previous and impending surgeries for endometriosis, along with current success rates and possible risks associated with FPT.
to the pathology per se [13, 14] has a major impact on future fertility and provides a clear motive to consider FPT in patients who are not seeking a pregnancy at present. Together with the worldwide trend of delaying childbearing that by itself is a common indication for assisted reproductive technology (ART) [15] the motivation in favor of FPT is growing. Therefore, in women of young reproductive age with endometriosis who have not yet completed family planning, the potential risk for low ovarian reserve, POF, and future infertility must be raised and carefully assessed, in order to provide an adequate consultation regarding the need for FPT.
This opinion manuscript focuses on the association between endometriosis, ovarian follicle loss, and the risk of impaired ovarian function, as well as the reproductive risk associated with surgery. The advantages and disadvantages of FPT for patients with severe endometriosis involving the ovaries are critically evaluated.
Reduced ovarian reserve in patients affected by endometriosis
The association between endometriosis and infertility is well recognized, and several biological mechanisms have been implicated. These include the following: mechanical obstruction caused by pelvic adhesions, impaired embryo receptivity and implantation, local and systemic inflammatory state with increased concentration of cytokines in peritoneal fluid, and low ovarian reserve [16] . Progressive loss of follicle reservoir is frequently observed and is often responsible for impaired fecundity, poor results achieved by assisted reproduction [17, 18] and increased risk of POF [19] . Accelerated depletion of ovarian reserve is most threatening for patients who are not seeking a pregnancy at present, but are very much interested in preserving chances for conceiving a biological offspring in the future.
Several etiologies are responsible for low ovarian reserve in patients suffering from endometriosis:
Surgery Severe ovarian damage and extensive follicle loss have been reported after cystectomy for endometriomas [11] resulting in a shorter reproductive life span [20, 21] , or even immediate ovarian failure as reported in few cases [19] . Table 1 shows the effect of surgery on ovarian reserve markers.
The amount of healthy tissue inadvertently lost during surgery is larger with excision of bilateral endometriomas and is also related to electrosurgical coagulation and the local inflammation associated with the procedure [27] .
The endometrioma cyst wall contains different amounts of follicles, which are lost during surgery. The number of follicles in histological sections obtained from the cyst wall is related to patient's age: the younger the patient, the larger the number of follicles present in the endometrioma wall. This seems to be correlated not only to the higher density of pre-existing follicles in the ovary, but also to a more Binflammatory typology^of endometriosis at a younger age [28] . Young women also have a higher recurrence rate of their endometriomas (30-50 %) that often leads to repeated ovarian surgery which further compromises ovarian reserve [29] . Lastly, extensive adhesiolysis even without direct surgery to the ovaries has been associated with a significant decline in ovarian reserve. This may derive from injury to ovarian vascular bed resulting in reduced ovarian blood supply postsurgery [25] . Table 2 summarizes parameters influencing the effects of surgical intervention on ovarian reserve, these should be taken into account during consultation for FPT. The mechanisms associated with follicle loss during surgery are presented in Fig. 1 .
Endometrioma/endometriosis Ovarian endometriosis adversely affects ovarian reserve, as demonstrated by diminished serum anti-Müllerian hormone (AMH), lower antral follicle counts (AFC), lower response to controlled ovarian stimulation (COH), and higher doses of gonadotropins used ( Table 3 ). The tissue surrounding endometriomas often shows morphological alterations that are not present in tissue surrounding benign cysts, such as significant loss of cortical stroma with fibrosis formation and significantly lower follicular density [36] [37] [38] . These morphological alterations were never observed in samples from contralateral healthy ovaries. This indicates that the ovarian pathological changes rather than the space-occupying lesion itself are responsible for the decline in ovarian reserve [13] and poor ovarian response in ART cycles [34, 39] . Diminished ovarian reserve has been reported not only in patients suffering from ovarian endometriomas, but also in patients with minimal to mild disease. As such, early menopause has been described in patients with peritoneal endometriosis, with no ovarian involvement [20] . Tissue pathological changes seen in endometriosis, such as focal fibrosis and vascular deficiency have also been observed in the cortex of ovaries exposed to chemotherapy [40] and similarly, no follicles are seen in the fibrotic zone. Thus, this pattern of damage to the entire organ may be common among different harmful processes that, in general, tend to diminish the ovarian reserve [41] . A recent observation explaining reduced ovarian reserve in patients suffering from endometriosis comes from studies on dynamics of follicle populations. The proportion of primordial follicles that are present in ovaries with endometriomas is significantly lower together with a concomitant significant increase in the proportion of non-resting growing follicles [14] . This high proportion of growing follicles observed is in contradiction to the low proportion of growing follicles expected resulting from blood vessels injury. This may represent a persistent process of follicle activation and loss resulting in overall decrease in follicular reserve triggered by the disease. This Bburn-out^effect on follicle reservoir was previously shown as a major mechanism leading to chemotherapy-induced ovarian reserve loss and may also be a common pathway of follicle loss post toxic injury [42, 43] .
Age Oocytes' decline, both in number and in quality, has been well described and recognized as the main cause of infertility in older patients. The persistent trend towards older age at conception in many countries further deteriorates the chances of women affected by endometriosis, which may present an already diminished ovarian reserve, to conceive and deliver a healthy child.
This point out the urgent need for early counseling regarding fertility preservation: ovarian aging related to advancing age and the acute damage inflicted by surgery are both factors that can be counteracted through FPT.
Counseling patients with endometriosis should highlight the advantages of early conception that will increase success rates and may attenuate disease progression. However, advice on early conception may not be practical for many women. In such cases, women should be presented with the option of ovarian sparing surgery and the most recent techniques of cryopreservation, already widely adopted in oncological patients: freezing oocytes, embryos, or ovarian tissue at a younger age.
Fertility preservation techniques for patients with endometriosis
Ovarian sparing surgery
The presence of large endometrioma frequently necessitates laparoscopic cystectomy. Resection and/or ablation of the cyst are preferable over cyst drainage and coagulation, which are associated with a higher recurrence risk [16] . Accurate evaluation of the possible ovarian damage and appropriate adoption of ovarian sparing surgical techniques are critically required. Thus, skilled surgeons, with expertise in reproductive pathophysiology, should perform operations, in order to prevent unnecessary insult to healthy parenchyma and avoid deep coagulation in the ovaries that might injure blood vessels arising from the hilum [44] . For patients demonstrating preoperative low ovarian reserve indices, those with bilateral ovarian cysts or those suffering from severe endometriosis, no optimal surgical sparing technique has been identified. Due to significant risk of ovarian reserve loss [25] , early preoperative referral to a center experienced with FPT is recommended to assess the need for FPT.
Embryo/egg freezing
Controlled ovarian hyperstimulation (COH), oocyte retrieval, IVF, and embryo cryopreservation are the most established FPT. Alternatively, the option to cryopreserve oocytes instead of embryos might be a more realistic option for young women without a partner [45] . It can be considered a good choice in patients affected by endometriosis as it has no effect on future ovarian reserve and is less invasive than other FPT.
Nevertheless, several cycles might be required, especially in patients with low ovarian reserve, in order to aspirate an adequate numbers of oocytes (around [12] [13] [14] [15] [16] [17] [18] [19] [20] that may provide a realistic chance for future fertility. Number of COH and IVF cycles has not been associated with an increased risk of disease recurrence [46, 47] .
Some authors suggest that IVF performance (oocytes quality, fertilization rates, embryo quality, and live birth rates) in the presence of endometriosis is impaired [18, 34] while others show reserved outcomes [35, 48] . Nevertheless, when good quality oocytes are fertilized, or when a large number of embryos is available, implantation rates seem to return to control values [49] .
In the presence of ovarian endometrioma, oocyte retrieval is associated with an increased risk of pelvic infection or ovarian abscess formation [50, 51] . These additional risks should be discussed during FP consultation.
The advantage of oocytes collection for FP prior to surgery relates to detrimental effect of surgery on ovarian reserve. In some cases, however, surgical removal of the endometrioma prior to ovarian stimulation should be considered. Studies suggest that surgical therapy may increase fertility in women with advanced endometriosis, proposing early IVF cycles in the immediate post-operative period when the ovaries are disease-free [6, 16] . In addition, oocytes freezing success rate is age related and significantly declines after the age of 36 years [52] ; hence, patients with endometriosis are encouraged to freeze oocytes at a younger age if possible and consultation should address to the yield of age-related gamete freezing.
Ovarian tissue cryopreservation
Ovarian tissue cryopreservation (OTCP) is currently used worldwide to preserve fertility in young women facing chemotherapy or radiotherapy who are at high risk of losing ovarian function. OTCP is also practiced in some benign conditions associated with high risk of POF [7] . The technique usually involves one-sided surgical removal of ovarian cortical tissue or complete oophorectomy [53] . The harvested cortical tissue is dissected into thin (1-2 mm) strips measuring 0.5 × 1 cm 2 , which are frozen for future transplantation. Primordial follicles are located in a poorly vascular environment and are relatively resistant to ischemia. This allows the survival of follicles during the immediate post transplantation ischemic period and may result in successful reestablishment of fertility. In cases of endometriosis, cortical tissue can be harvested and stored, thereby sparing the follicles from a potential future disease progression that could occur in the ovary left in situ. However, this approach is not practical and not recommended. Laparoscopic tissue harvesting is technically more difficult and carries significant additional operative risks in cases of pelvic adhesions. Moreover, removing healthy cortical tissue away from endometriomas can further deteriorate ovarian reserve.
However, during surgical removal of endometrioma, healthy fragments of ovarian cortex can be isolated and cryopreserved. The source of cortical tissue stored might originate from healthy cortical tissue attached to the capsule, which has been removed during the surgery and of cortical fragments that are loosely attached to the ovary at the end of dissection. Ovarian cortical tissue collection can be performed at any center operating for endometriosis and there is no need for patients' referral since the tissue can be safely transported prior to freezing to fertility preservation center [54] .
Data collected from oncological patients who underwent ovarian tissue reimplantation have shown more than 90 % endocrine restoration rate and high pregnancy rate, either spontaneous or following IVF. However, the quantity and quality of follicles as well as reproductive potential of cortical tissue that was attached adjacent to the endometrioma wall should be further studied.
For patients with endometriosis undergoing surgery, consultation on ovarian tissue storing should be individualized according to patients' age, ovarian reserve status, presence of bilateral ovarian lesions, and repeated surgery. While in some cases healthy cortical tissue is removed unintentionally as a by-product on endometrioma excision, a deliberate removal of normal cortical tissue is far less straightforward and should be viewed as a potential thereat for ovarian reserve. The indication for such intervention is therefore not entirely clear and such option should be critically discussed in light of its potential risks and benefits. Table 4 summarizes the advantages and disadvantages of the possible method for FP in patients with endometriosis.
Approach to patients and conclusive remarks
The long-term insult to ovaries resulting in diminished ovarian reserve in patients suffering from severe endometriosis is now widely recognized. Ovarian surgery for endometriosis, especially bilateral ovarian surgery and repeated operations, are associated with a substantial reduction of follicular reserve. Pregnancy at an early age is recommended and the importance of not delaying first pregnancy should be raised during consultation. However, when this is not a realistic option, patients should be counseled regarding present and future ability to conceive. Consultation should be guided by current ovarian reserve, disease extent, progression rate, need for ovarian surgeries, and high recurrence rate. FPT should also be considered in patients suffering from mild endometriosis when reduced ovarian reserve is identified and at older reproductive age. Patients with good ovarian reserve, who are not suffering from bilateral ovarian endometriosis with no impending extensive or repeated ovarian surgery and those affected by minimal/mild endometriosis can be conservatively monitored up to their mid-30s. Thereafter, conservative surveillance option should be reconsidered if patients did not conceive as FPT effectiveness significantly declines. A combined follow-up and treatment by highly trained endoscopy surgeons and teams experienced in FPT, will provide an up-to-date approach for the benefit of the patients as they are most capable of providing balanced information on success rates and possible associated risks. Freezing embryos or unfertilized oocytes seems to be the most convenient technique of fertility preservation for women suffering from endometriosis. It does not affect ovarian reserve and offers a real chance of future pregnancy when a good amount of oocytes or embryos has been stored.
Even in young patients, several cycles might be needed in order to collect an adequate number of oocytes (12) (13) (14) (15) (16) (17) (18) (19) (20) . For patients designated for an extensive or bilateral pelvic surgery, several ART cycles before surgery may provide a sufficient number of oocytes/embryos for freezing. This holds truth for patients at an older reproductive age or those already demonstrating low ovarian reserve. In young patients, both surveillance and oocyte freezing are acceptable options. In any case, the risk associated with oocyte retrieval should be considered.
The benefits of storing ovarian tissue harvested during surgery for endometriosis have never been tested. Although the technique was proven to be effective in providing good chances for future fertility in cancer patients, currently, there is insufficient information regarding concentration and quality of oocytes surrounding endometrioma wall and more studies are indicated. At present, only healthy ovarian tissue should be stored for fertility preservation. Thus, the benefits and disadvantages should be critically discussed, taking into consideration the risk for enhanced ovarian reserve lose during surgery. Following surgery for endometriosis, young patients not wishing to conceive immediately may consider several COH cycles in order to freeze oocytes. These recommendations are based on existing literature data and experience. Continuous data collection together with a growing experience with FPT, will enable further clarification of current indications for fertility preservation in the context of endometriosis, taking both economic burden and known success rates into consideration.
